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A pressure sensor and methods of making a pressure sensor 
are described . In preferred embodiments , the pressure sensor 
is designed for low - pressure and high - sensitivity applica 
tions . In some embodiments , the pressure sensor comprises : 
a frame made from a single - crystal silicon starting material , 
the frame surrounding a cavity ; a diaphragm that covers the 
cavity , the diaphragm constructed from a separate layer of 
material deposited on the single - crystal silicon starting 
material ; a support structure that spans the diaphragm 
wherein the support structure is formed from the single 
crystal starting material ; and , a piezoresistor formed across 
an intersection of the frame and the support structure . 
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PRESSURE SENSOR WITH SUPPORT In another aspect of the invention , the piezoresistor is 
STRUCTURE FOR NON - SILICON formed in the single - crystal silicon material by implanting a 

DIAPHRAGM P + material or , a P + material and a P - material in an N - type 
single - crystal silicon material . In yet other embodiments , the 

The present patent document relates to pressure sensors . 5 piezoresistor is formed in the single - crystal material by 
More particularly , the present patent document relates to implanting an N + or , an N + and an N - material in a P - type 
pressures sensors that use a diaphragm and a support struc substrate . In some embodiments , a piezoresistor is formed at 
ture for the diaphragm . Preferably , these pressure sensors are each intersection of the support structure and the frame . 

Contacts may also be formed for electrically connecting the very sensitive and can detect very small changes in pressure . 10 piezoresistors . 

BACKGROUND Although different types of starting materials may be used 
to form the pressure sensor , in preferred embodiments , the 
single - crystal starting material is part of a silicon - on - insu Pressure sensors and pressure sensors that use the dis lator ( SOI ) wafer . In embodiments using an SOI wafer , the placement of a diaphragm to measure pressure are known in 15 cavity may be formed in the silicon on a first side of the the art . Piezoresistive pressure sensors are typically made by insulator and the support structure may be formed in the etching thin diaphragms into a silicon structure . These silicon on a second opposite side of the insulator . In such an 

previous devices aim to measure low pressure with a thin , embodiment , the cavity may be etched into the bottom all - silicon diaphragm at the bottom of the cavity . Often , the silicon layer and extend all the way to the insulator layer . 
design of all - silicon diaphragm pressure sensors require a 20 In embodiments incorporating an SOI wafer , preferably 
thicker portion of the diaphragm located in the center of the the support structure is formed from the silicon on a second 
diaphragm referred to as a boss . If a boss is used on the opposite side of the insulator from the first side where the 
silicon diaphragm , the lateral dimensions of the boss must be cavity is formed . The support structure spans the diaphragm 
very tightly controlled in order for the sensor to obtain the and is formed by removing material , silicon and oxide , on 
desired performance characteristics . Pressure sensors using 25 the second opposite side of the SOI wafer above the cavity 
this type of construction may be difficult and / or expensive to and leaving the support structure . 
manufacture . Moreover , pressure sensors using an all - silicon Depending on the embodiment and the requirements of 
diaphragm have numerous limitations including being lim - the sensor , the design of the support structure or mechanical 
ited to diameters of a millimeter or more and a practical support / stop above the diaphragm may vary . In some 
minimum thickness of the silicon diaphragm of about 5 30 embodiments , the support structure is comprised of two 
microns . The size and thickness limitations of the silicon spans that span the diaphragm in perpendicular directions to 
diaphragm limit the sensor ' s sensitivity and performance each other . In yet another embodiment , the support structure 
characteristics and abilities . comprises two spans in one direction and a third span in a 

second direction perpendicular to the first two spans . Often , 
SUMMARY OF THE EMBODIMENTS 35 the support structure includes at least one window where an 

internal portion of one of the support structure spans is 
In view of the foregoing , an object according to one removed . In some embodiments , the support structure may 

aspect of the present patent document is to provide high - contain a plurality of windows with one of the windows 
sensitivity pressure sensors that remedy or at least amelio - positioned over the center of the diaphragm . 
rates some of the issues with previous sensor designs . In the 40 Depending on the embodiment , the size of the cavity and 
embodiments described herein , rather than having a dia - the diaphragm may vary in size along with their size with 
phragm made by reducing the thickness of the silicon layer , respect to each other . In preferred embodiments , the dia 
the pressure sensor has a diaphragm made out of a layer phragm is smaller than the cavity . 
( such as silicon nitride ) which is deposited over a cavity . In another aspect of the invention , a method of manufac 
One advantage of such embodiments is that such a layer may 45 turing a pressure sensor is provided . In some embodiments , 
be easily deposited as thin a 2 , 000 Å ( 0 . 2 microns ) or even the method comprises : forming a cavity in a first side of a 
as thin as 1 , 000 Å ( 0 . 1 microns ) and with superior thickness silicon starting material ; depositing a layer of a second 
control . Furthermore , in the embodiments described herein , material over the cavity ; removing material above the cavity 
the pressure sensor has a support structure made out of the from a second side opposite to the first side to form a 
single - crystal silicon starting material . Such embodiments 50 diaphragm with at least one support structure that spans the 
may be made with no boss for which the lateral dimensions diaphragm ; and , forming at least one piezoresistor in the 
need to be tightly controlled . silicon starting material over an intersection of the support 

To this end , a pressure sensor with a diaphragm formed structure and the silicon starting material at an outside edge 
from a deposited material is provided . In one embodiment of the diaphragm on the second side . 
the pressure sensor comprises : a frame made from a single - 55 Preferred embodiments of the method for forming the 
crystal silicon starting material , the frame surrounding a pressure sensor form it out of a silicon - on - insulator wafer . In 
cavity ; a diaphragm that covers the cavity , the diaphragm such embodiments , the cavity may be formed by removing 
constructed from a separate layer of material deposited on the silicon on a first side of the SOI wafer to a depth of the 
the single - crystal silicon starting material ; a support struc - insulator . In order to form the diaphragm and the support 
ture that spans the diaphragm wherein the support structure 60 structure in an SOI wafer , both the silicon and insulator 
is formed from the single - crystal starting material ; and , a above the cavity may be removed . Typically , the material 
piezoresistor formed across an intersection of the frame and removal is accomplished by etching wherein a mask is 
the support structure . applied prior to the etch to define boundaries of the dia 

In preferred embodiments , the separate layer of material phragm and support structure . 
which forms the diaphragm is silicon nitride ( SizN4 ) . How - 65 As described more fully below , the apparatus and methods 
ever , in other embodiments , other suitable materials may be of the embodiments of a pressure sensor described herein 
used . offer benefits over previous designs . Further aspects , 



US 9 , 804 , 046 B2 
objects , desirable features , and advantages of the apparatus embodiments , the cavity 18 may be formed by etching but 
and methods disclosed herein will be better understood from in other embodiments other methods of material removal 
the detailed description and drawings that follow in which may be used . 
various embodiments are illustrated by way of example . It is As may also be seen in FIG . 2 , a layer of a second material 
to be expressly understood , however , that the drawings are 5 20 is formed in the cavity 18 . Once the material above this 
for the purpose of illustration only and are not intended as second material layer 20 is removed , the second material 
a definition of the limits of the claimed embodiments . layer 20 forms a diaphragm 14 . In the embodiment shown in 

FIG . 2 , the second material layer 20 is only formed in the 
BRIEF DESCRIPTION OF THE DRAWINGS bottom of the cavity 18 . However , in other embodiments , the 

10 second material layer 20 may be deposited over the entire 
FIG . 1 illustrates an isometric view of one embodiment of side of the silicon containing the cavity 18 . 

a pressure sensor according to the teachings of the present In preferred embodiments , the second material layer 20 is 
patent document . made from a non - silicon material . One material that may be 

FIG . 2 illustrates the cross - section AA of FIG . 1 . used for the second material layer 20 is silicon nitride 
FIG . 3A illustrates a front isometric view of one embodi - 15 ( SizN4 ) . In other embodiments , other suitable materials may 

ment of a pressure sensor according to the teachings herein be used . As just a few examples , the second material layer 
with a more detailed support structure 16 . 20 may be made from Diamond , Diamond - Like Carbon 

FIG . 3B illustrates a rear isometric view of the pressure ( DLC ) , SiC , Al2O3 , ZnO , A1 , 02 / ZnO alloy , AN , Lead 
sensor 10 of FIG . 3A Zirconium Titanate ( PZT ) , or TiNi to name a few . 

FIG . 4A illustrates a cut - out zoomed - in view of the 20 One advantage to having the diaphragm 14 made from a 
intersection of the support structure 16 and the frame 13 at layer that is deposited is that the thickness of the deposited 
the edge of the diaphragm 14 . layer may be more easily controlled . Moreover , the non 

FIG . 4B illustrates another configuration of a pressure silicon deposited layer may be used as a positive etch stop 
sensor where multiple spans of the support structure inter - to improve the thickness control of the diaphragm 14 . In 
sect with the frame on the same side of the pressure sensor . 25 addition , thinner diaphragms may be constructed because 

FIG . 5A illustrates a cross - sectional view of the pressure the deposited layer may be made much thinner than a layer 
sensor 10 of FIG . 3A . of etched silicon . 

FIG . 5B illustrates a cross - sectional view of the pressure As mentioned above , the thicknesses of some elements , 
sensor 10 of FIG . 3A taken along an axis perpendicular to like the second material layer 20 , has been exaggerated in 
the cross - sectional view of FIG . 5A . 30 FIGS . 1 and 2 for purposes of illustration and second 

FIG . 6 illustrates a cross - sectional view of a pressure material layer 20 may be considered a thin film . The 
sensor during one step of the process of manufacturing . thickness of the second material layer 20 may be varied 

FIG . 7 illustrates a cross - sectional view of a pressure according to design principles , material used , and the sen 
sensor during one step of the manufacturing process after the sitivity requirements of the diaphragm 14 . In preferred 
piezoresistive elements have been added . 35 embodiments , the second material layer 20 may range in 

FIG . 8 illustrates a cross - sectional view of a pressure thickness from 1 micron to as thin as 1 , 000 Å ( 0 . 1 microns ) . 
sensor during one step of the manufacturing process after the In typical embodiments using silicon nitride , the thickness 
contacts have been formed . of the second layer 20 may be around 0 . 002 mm ( 0 . 2 

FIG . 9 illustrates a cross - sectional view of a pressure microns ) thick . 
sensor during one step of the manufacturing process after the 40 As may be seen by examining FIGS . 1 and 2 , the 
cavity has been formed and the second layer of material has diaphragm 14 is formed by the second material layer 20 
been added . when a portion of the material above the second material 

FIG . 10 illustrates a cross - sectional view of a pressure layer 20 over the cavity 18 is removed . Preferably , the 
sensor during the final stage of the manufacturing process in diaphragm 14 is smaller than the size of the cavity 18 . In the 
which material above the diaphragm has been removed to 45 embodiments described herein , not all the material above 
form the diaphragm and the support structure . diaphragm 14 is removed . Instead , some of the material is 

left behind to form a support structure 16 . A may be seen in 
DETAILED DESCRIPTION OF THE FIG . 1 , the support structure 16 comprises two spans 16A 

EMBODIMENTS and 16B . Each span 16A and 16B spans from one side of the 
50 diaphragm 14 to the other . In the embodiment show in FIG . 

FIG . 1 illustrates an isometric view of one embodiment of 1 , the spans 16A and 16B are perpendicular to each other to 
a pressure sensor 10 according to the teachings of the present form a support structure 16 in the shape of a cross . 
patent document . FIG . 2 illustrates the cross - section AA of As explained above , preferably the support structure 16 is 
FIG . 1 . The thicknesses in FIGS . 1 and 2 have been formed by leaving material behind when removing material 
exaggerated to help illustrate the different components . As 55 above the second material layer 20 to form the diaphragm 
may be seen in FIGS . 1 and 2 , the pressure sensor 10 14 . To this end , the support structure is preferably one or 
includes a frame 13 formed around a cavity 18 , a diaphragm more single - crystal silicon bridges that span the diaphragm 
14 and a support structure 16 formed across the diaphragm 14 . The support structure 16 acts primarily for mechanical 
14 . support ( to add stiffness to the thin diaphragm 14 ) . However , 

The pressure sensor 10 of FIG . 1 includes a single - crystal 60 a small fraction of the support structure 16 is used and 
silicon starting material 12 . In preferred embodiments , the essential for the transduction from strain to resistance 
pressure sensor 10 is fabricated from a silicon - on - insulator change . These areas are located where the support structure 
( SOI ) wafer . However , in other embodiments , other mate intersects with the frame 13 . In these junctions , piezoresis 
rials may be used . tors are embedded in the support structure 16 . In addition to 

As may be seen in FIG . 2 , the pressure sensor 10 includes 65 having a mechanical function , these areas also have an 
a cavity 18 . In preferred embodiments , the cavity 18 is cut electrical function . The remainder of the support structure 
into the silicon from a first side of the material . In some only has a mechanical function . 
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13 . 

Similar to the thickness of the diaphragm 14 , the size and 14 and support structure 16 . More on the process and 
shape of the support structure 16 may be modified depend methods of manufacturing a pressure sensor as taught herein 
ing on the requirements of the sensor 10 . The amount of will be discussed below with respect to FIGS . 6 through 10 . 
silicon used as mechanical support needs 16 to be kept low FIG . 3A also illustrates the piezoresistors 15A - 15F that 
enough not to compromise the device sensitivity but high 5 are used to measure the displacement of the diaphragm 14 . 
enough so that it limits the displacement to within the linear In the embodiment of FIG . 3A , at least one piezoresistor is 
range . Large displacement may result in high non - linearity formed in the silicon over the intersection of each of the 
and at the same time will contribute to the sensitivity of the support structure 16 spans 16A - 16C with the frame 13 . To 
device . As one skilled in the art will appreciate , there are this end , span 16A has piezoresistors 15C and 15C2 at one 
many patterns to accomplish this . 10 of its ends and 15F and 15F2 at its opposite end . Each of the 

FIG . 3A illustrates a front isometric view of one embodi - piezoresistors spans an intersection between the support 
ment of a pressure sensor 10 accordingly the teachings structure 16 and the frame 13 such that 15C2 and 15F2 are 
herein with a more detailed support structure 16 . FIG . 3B parallel to 15C and 15F , respectively . In the embodiment 
illustrates a rear isometric view of the pressure sensor 10 of shown in FIG . 3A , each pair of piezoresistors on their 
FIG . 3A . As may be seen in FIGS . 3A and 3B , the support 15 respective sides are electrically connected in series to form 
structure 16 may have a more intricate design . In addition , a single resistor such that piezoresistors 15C and 15C2 are 
FIG . 3A illustrates the piezoresistors 15A - 15F . In the electrically connected in series . Similarly , piezoresistors 15F 
embodiment shown in FIG . 3A , two piezoresistors are and 15F2 are electrically connected in series to form a single 
placed on each of the four sides of the pressure sensor 10 resistor . 
where the support structure 16 intersects with the frame 13 . 20 Span 16B has piezoresistors 15B and 15D at each of its 

As may be seen in FIG . 3A , the support structure 16 has respective ends . Span 16C has piezoresistors 15A and 15E 
a first span or bridge 16A that spans from the frame 13 on at each of its respective ends . In the embodiment shown in 
one side of the diaphragm 14 to the frame 13 on the other FIG . 3A , piezoresistors 15D and 15E are electrically con 
side of the diaphragm 14 . In addition , support structure 16 nected in series to form a single resistor . Similarly , piezore 
comprises two more spans or bridges 16B and 16C that 25 sistors 15A and 15B are electrically connected in series to 
similarly span the diaphragm in a perpendicular direction to form a single resistor . In a preferred embodiment , the 
span 16A . In each case , the spans are connected to the frame piezoresistors may be electrically connected to form a 

Wheatstone bridge . As may be appreciated , there are numer 
In the embodiment shown in FIG . 3A , each span 16A , ous ways to design , locate and electrically connect the 

16B and 16C includes a window 17 to reduce the amount of 30 embodiments without departing from the scope of the inven 
material included in the span . As may be seen in the figure , tion . 
span 16A includes three windows 17 and spans 16B and 16C Similar to the defined flexibility discussed above with 
both include two windows 17 . Moreover , where each of the respect to the support structure 16 , the placement and design 
spans 16A - 16C crosses paths , the spans 16A - 16C are con of the piezoresistors may similarly vary . To this end , in other 
nected to each other . The resulting support structure 16 35 embodiments more or fewer resistors may be used than 
creates a lattice type structure over the middle of the shown in FIG . 3A . Different electrical configurations and 
diaphragm 14 and is connected to the frame 13 along two placements may be used along with different designs for the 
perpendicular axes . resistors themselves . 
Numerous variations of the design may be incorporated In operation , the pressures sensor 10 is configured to 

into the support structure 16 . Embodiments may have more 40 experience the pressure difference across the two sides of the 
or less spans 16A - 16B . Each span may have fewer or more diaphragm 14 . This causes the diaphragm 14 to displace . 
windows 17 . The windows 17 may be of different shapes or Because the diaphragm 14 may be made so thin , the dia 
sizes . The spans may run in different directions and may phragm 14 may be easily displace allowing construction of 
create lots of different shapes or patterns . The spans are not a very sensitive sensor 10 that can detect very low pressure 
required to run directly across the diaphragm 14 from one 45 differences . In operation , the support structure 16 provides 
side of the frame 13 to the other and may zig zag , change two functions . First , the support structure 16 serves to limit 
directions , snake or cross diaphragm in any number of ways . the displacement of the diaphragm 14 . In addition , when the 
Preferably , the support structure 16 connects to the frame 13 diaphragm 14 flexes , it correspondingly flexes the support 
along two perpendicular axes and has a portion that can limit structure 16 . The piezoresistors 15A - 15F are positioned 
the deflection of the diaphragm 14 near the center , which is 50 across the intersections of the support structure 16 and the 
the diaphragm ' s default position of maximum displacement frame 13 and measure the strain resulting from the displace 

FIG . 3B illustrates the underside of the cavity 18 and the ment of the support structure 16 and thus , measure the 
underside of the diaphragm 14 . As may be seen in the pressure difference across the two sides of the diaphragm 14 . 
embodiment of FIG . 3B , the second material layer 20 was FIG . 4A illustrates a cut - out zoomed - in view of the 
deposited over the entire bottom side including over the 55 intersection of the support structure 16 and the frame 13 at 
bottom of the cavity 18 , the sides of the cavity 18 and the the edge of the diaphragm 14 . The structure in FIG . 4A is an 
bottom of the frame 13 . exemplary representation and many other designs may be 

Returning to the top view in FIG . 3A , a support structure used . As may be seen in FIG . 4A , the support structure may 
16 like the one shown may be created by masking and have a window 17 cut in the support structure 16 very near 
etching . In a preferred embodiment , the pressure sensor 10 60 the edge of the diaphragm 14 in order to form two bridges 
is made from an SOI wafer and the insulator layer is used to 27A and 27B . The window 17 located in this position 
determine the depth of the cavity and the top side etch that reduces the connected area between the support structure 16 
forms the diaphragm 14 . For example , the cavity may be and the frame 13 and allows the support structure 16 to more 
formed by etching up from the bottom to the insulator layer . easily flex at this location . Accordingly , piezoresistors 15 
The second material layer 20 is then deposited on the bottom 65 may be run out from the frame 13 onto the support structure 
and a second etch is performed from the top side down to the 16 along the bridges 27A and 27B and connected electrically 
second material layer 20 using a mask to form the diaphragm with conductive material 21 . In such an embodiment , a 
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piezoresistor 15 may be placed on both bridges 27 and 27B each layer may vary . However , the top layer , which will 
such that two piezoresistors 15 connected electrically in eventually form the support structure , will typically be much 
series with conductive material 21 are present . In operation , thinner than the bottom layer which will house the cavity . In 
when the support structure 16 is flexed , and in particular a preferred embodiment , the first silicon layer 42 is approxi 
when the span is flexed , the piezoresistors 15 are flexed 5 mately 1 to 20 microns thick . The insulator layer 44 is 
perpendicular to their longitudinal length . As is well known , approximately 0 . 1 to 3 microns thick and the second silicon 
as the piezoresistors are flexed , their resistivity is affected in layer 46 is approximately 300 to 1000 microns thick . 
proportion to the deflection . While this type of configuration FIG . 7 illustrates a cross - section of the pressure sensor 
with windows 17 and bridges 27 is desirable , it is not after the piezoresistor elements 15 have been formed in the 
required and other configurations may be used . 10 first silicon layer 42 . In a typical process , this is formed by 

FIG . 4B illustrates another configuration where multiple forming a P + mask , followed by an oxide etch and then 
spans 16B and 16C from the support structure 16 intersect implanting the P + material in the space formed by the oxide 
with the frame 13 on the same side of the pressure sensor 10 . etch . A similar process is performed for the P - material in 
As may be seen , each span 16B and 16C of the support which a P - mask is formed and then an oxide etch is 
structure 16 includes a window 17 that creates correspond - 15 performed . The P - material is then implanted . Once the 
ing bridges 27A and 27B . In this embodiment , even though piezoresistive elements 15 have been implanted , a second 
multiple spans intersect on the same side , only two piezore - layer of oxide 48 may be formed over the top surface using 
sistors 15D and 15E are electrically connected in series by an oxide deposition . The entire part is then annealed . 
conductive span 21 . Accordingly , only a single piezoresistor After the piezoresistive elements 15 are formed , the 
is used on each span . Moreover , the piezoresistors 15D and 20 contacts 50 need to be created to allow electrical connection 
15E are oriented and located differently than the embodi - to the piezoresistive elements 15 . In a typical embodiment , 
ment in FIG . 4A . The conductive material 21 is run from the the contacts 50 are created by performing a contact mask 
frame 13 out onto the first span 16B across bridge 27B . A followed by a contact etch . These steps define the location 
piezoresistor 15D is then placed across the width of the span of the contacts 50 and the contacts 50 are formed by next 
16B as shown in FIG . 4B . The conductive material 21 is then 25 performing a metal deposition step . The metal may then be 
run back again across the corresponding bridge 27B and further masked and a metal etch is performed . 
along the frame 13 towards the second span 16C and in a In the next part of the method , illustrated in FIG . 9 , the 
similar manner , is run out onto the second span 16C . A cavity is formed . In order to form the cavity in a typical 
second piezoresistor 15E is run across the width of span 16C embodiment , a cavity mask is applied to the bottom silicon 
as shown in FIG . 4B . Finally , the conductive material 21 is 30 layer 46 and a cavity etch is performed . In preferred embodi 
run back to the frame 13 over the corresponding bridge 27A ments the cavity etch removes the silicon material all the 
of span 16C . Although the above configuration is described way to the insulator layer 44 in the area of the cavity . 
as two piezoresistive elements 15 connected in series , it may Once the cavity has been formed by etching away a 
also be considered a single piezoresistor 15 configured over portion of the bottom layer of silicon 46 , the diaphragm may 
two separate spans 16B and 16C . 35 be formed ( or what will shortly become the diaphragm after 

Unlike the configuration shown in FIG . 4A , in the the top silicon layer 42 is etched . ) . In preferred embodi 
embodiment of FIG . 4B , the piezoresistors 15D and 15E are ments , the diaphragm is formed after the cavity etch . In 
flexed along a longitudinal axis . Ideally , the piezoresistors of preferred embodiments , a separate layer of material is 
FIGS . 4A and 4B are dimensioned and positioned to maxi deposited over the entire bottom layer of the silicon 46 . 
mize the resistance change with the pressure difference that 40 Preferably , the separate layer of material is a dielectric 
is applied to the diaphragm 14 . Ideally , the resistance change material and even move preferably silicon nitride . In order 
of the piezoresistors of FIG . 4B are equal in magnitude but to facilitate the entire surface being covered with the sepa 
opposite in sign to the resistance change of the piezoresistors rate layer of material , a photoresist strip may be performed 
of FIG . 4A . to remove any masking set - up to define the cavity . 

FIG . 5A illustrates a cross - sectional view of the pressure 45 One potential benefit of the embodiments disclosed 
sensor 10 of FIG . 3A . As may be seen in FIG . 3A , the herein , is that the dielectric diaphragm can be selected or 
thickness of the second material layer 20 and the thickness coated with a material that can withstand certain chemicals , 
of the support structure 16 is much thinner than the depth of such as strong bases for example , that a silicon diaphragm 
the cavity 18 . cannot . This may allow the embodiments described herein to 

FIG . 5B illustrates a cross - sectional view of the pressure 50 be used in harsh environments and corrosive or toxic liquids 
sensor 10 of FIG . 3A taken along an axis perpendicular to or gases . However , in the preferred embodiments no dia 
the cross - sectional view of FIG . 5A . phragm coating is needed and the pressure sensor is 
One method for making a pressure sensor with a dia - designed to measure ultra - low pressure for air flow mea 

phragm made from a second material layer will now be surement . 
discussed with respect to FIGS . 6 - 10 . Each of the FIGS . 55 In the final steps of the process illustrated in FIG . 10 , the 
6 - 10 is a representative view of the cross section of the separate material layer 20 becomes a diaphragm 14 by 
pressure sensor at a different step along the manufacturing removing portions of the material above the separate mate 
process . rial layer 20 . In typical embodiments , these steps are per 

FIG . 6 illustrates a cross - sectional view of an SOI wafer . formed by first defining a diaphragm mask on the top surface 
Although using an SOI wafer is preferable , the pressure 60 of oxide 48 . Although referred to here as a diaphragm mask , 
sensor may be built out of other materials or other silicon the mask defines both the outside edges of the diaphragm but 
constructs . In preferred embodiments , the pressure sensor is also the complete shape of the support structure 16 . This 
constructed from a single crystal or monocrystalline solid or allows the support structure 16 to be made from a single 
silicon construct that includes a plurality of single - crystal crystal silicon material , i . e . , the top layer of silicon 42 of the 
layers . As may be seen in FIG . 6 , the SOI wafer includes a 65 SOI wafer , and be integrated with the frame 13 . 
first silicon layer 42 , an insulator layer 44 and a second Once the diaphragm mask is defined , an oxide etch is 
silicon layer 46 . In different embodiments , the thickness of performed to remove oxide layer 48 where the diaphragm is 
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defined . The oxide etch is followed by a silicon etch to support structure is formed in the silicon on a second 
remove the silicon layer 42 is the same areas . Finally , opposite side of the insulator . 
another oxide etch is performed to remove the oxide layer 44 9 . The pressure sensor of claim 1 , wherein the support 
in the same areas . Accordingly , all of the material of the SOI structure is comprised of two spans that span the diaphragm 
wafer is removed above the second material layer 20 , where 5 in perpendicular directions to each other . 
the diaphragm is defined to be . 10 . The pressure sensor of claim 1 , wherein the support 
As may be seen in FIG . 10 , the support structure is formed structure includes at least one window . at the same time from the remaining material masked off and 11 . The pressure sensor of claim 1 , wherein the diaphragm not etched away . In some embodiments , portions of the is smaller than the cavity . support structure may include a window 17 . In some of these 10 12 . The pressure sensor of claim 1 , wherein the support embodiments , the window may not penetrate all the way to 

the second material layer 20 but may instead may be formed structure comprises two spans in one direction and a third 
by removing only oxide layer 48 and silicon layer 42 . span in a second direction perpendicular to the first two 

To this end , a piezoresistive pressure sensor having an spans . 
ultrathin diaphragm made of silicon nitride ( or other suitable 15 13 . The pressure sensor of claim 10 , wherein the support 
material ) and with a support frame made out of the single structure comprises a plurality of windows and one of the 
crystal starting material may be formed . Given the methods windows is over the center of the diaphragm . 
and techniques discussed above , the pressure sensor may be 14 . The pressure sensor of claim 9 , further comprising a 
considered a MEMS device . In preferred embodiments , the piezoresistor formed at each intersection of the spans and the 

piezoresistors are made out of the same single - crystal silicon 20 frame . 
15 . The pressure sensor of claim 1 , wherein the diaphragm layer as the support structure 16 . The designs described and 

taught herein give a high signal output with good linearity is coated with a corrosion resistant coating . 
while being able to withstand high overpressure . 16 . A pressure sensor formed from a silicon - on - silicon 

Although the embodiments have been described with ( SOI ) wafer comprising : 
reference to preferred configurations and specific examples , 25 a cavity formed in the silicon on a first side of the insulator 
it will readily be appreciated by those skilled in the art that and extending all the way to the insulator ; 
many modifications and adaptations of the pressure sensor a diaphragm formed within the cavity , the diaphragm 
and related methods are possible without departure from the formed from a separate layer of material deposited on 

the first side of the SOI wafer ; spirit and scope of the embodiments as claimed hereinafter . 
Thus , it is to be clearly understood that this description is 30 a support structure formed from the silicon on a second 
made only by way of example and not as a limitation on the opposite side of the insulator from the first side wherein 
scope of the embodiments as claimed below . the support structure spans the diaphragm and is 
What is claimed is : formed by removing silicon on the second opposite side 
1 . A pressure sensor comprising : of the SOI wafer above the cavity and leaving the 
a frame made from a single - crystal silicon starting mate - 35 support structure ; and , 

rial , the frame surrounding a cavity ; a piezoresistor formed across an intersection of the sup 
a diaphragm that covers the cavity , the diaphragm con port structure and the SOI wafer at an outside edge of 

structed from a separate layer of material deposited on the diaphragm . 
the single - crystal silicon starting material ; 17 . The pressure sensor of claim 16 , wherein the separate 

a support structure that spans the diaphragm wherein the 40 tay in the player of material is silicon nitride . 
support structure is formed from the single - crystal 18 . The pressure sensor of claim 16 , wherein the support 

structure is formed from the silicon on the second opposite starting material ; and , 
a piezoresistor formed across an intersection of the frame side of the SOI wafer . 

and the support structure . 19 . The pressure sensor of claim 16 , wherein the piezore 
2 . The pressure sensor of claim 1 , wherein the separate 45 ST 15 sistor is formed by implanting a P + material and a P 

layer of material is a dielectric material . material in the single - crystal silicon material , which is 
3 . The pressure sensor of claim 2 , wherein the separate N - type . 

layer of material is silicon nitride . 20 . The pressure sensor of claim 16 , wherein the piezore 
4 . The pressure sensor of claim 1 , wherein the piezore sistor is formed by implanting a P + material in the single 

sistor is formed in the single - crystal silicon material . 50 crystal silicon material , which is N - type . 
5 . The pressure sensor of claim 4 , wherein the piezore 21 . The pressure sensor of claim 16 , wherein the support 

sistor is formed by implanting a P + material and a P structure comprises two spans that span the diaphragm in 
material in the single - crystal silicon material , which is perpendicular directions to each other . 
N - type . 22 . The pressure sensor of claim 16 , wherein the support 

6 . The pressure sensor of claim 4 , wherein the piezore - 55 Str zore structure includes at least one window . 
sistor is formed by implanting a P + material in the single 23 . The pressure sensor of claim 22 , wherein the support 
crystal silicon material , which is N - type . structure includes a plurality of windows with at least one 

7 . The pressure sensor of claim 1 , wherein the single window positioned over the center of the diaphragm . 
crystal starting material is part of a silicon - on - insulator 24 . The pressure sensor of claim 10 , wherein the support 
( SOI ) wafer . structure includes a plurality of windows with at least one 

8 . The pressure sensor of claim 7 . wherein the cavity is window positioned over the center of the diaphragm . 
formed in the silicon on a first side of the insulator and the * * 


